
~1~~

AD—*038 3M ROCkWELl. INTERNATIONAL ANAHEIM CAL IF ELECTRONICS RE5—ETC F/S 20/2
GROWTH—INDUCED ANISOTROPY ZN YTTRIUM IRON GARNET FILMS GROWN BY—CTC(U)
1975 M T ELLIOTT. H L GLASS Ffl62O—75—C—0045

UNCLASSIFIED AFOSR—TR—7 7—0351

I

!

L



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (~Th.n Data Entered) f (  ~

‘ 
____________________________________

REF~~ T DOCUME NTATION PAGE ( 
~ “3E$R E COMPLET ING FORM

I. EPO - 2. GOVT ACCEhIO~~~4O. 3. RECIP’ENT S CATALOG NUMBER

~~ L !7-/TR. .77-j ~35 L. 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4./ 1TTtE 1~~~~~~~~tffaT— .— • 5. ~~~PE QL REPORT 6 PERLOD COVERED

“~ ‘4 (~~~~~ROWTH4NDUCED ANJ5OTROPY IN TTRIUM ~INTERIM r
~~~~ ~IRoN QARNET FILMS GROWN BY LIQUID 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PHASE EPITAXY. 6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR~~ I’~ .
~ 

. . ~-.. . .  S. CONTRACT OR GRANT NUMBER(s )

~~~ 
Elliott~J M. T • .~~ / // ~ .~

Glass , H.L. ~~~~~ . 
‘
. , 

— 

/ 
/ F44620-75-C-0045

© 9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJE CT . T A S K
AR EA & WORK UNIT NUMBERS

Rockwell International 
. 

;~
Electronics Research Division / . . - 

. 
-~~~ /

Anaheim, Calf 92803 ., • _ / c ~~3 ..~
II. CONT ROLLINGOFFICE NAMt AND ADDRESS T2. WEPORI -

~~~ AFOSR/NE 197o ~~~-

4 Bldg 410 ‘3. P~ J M B E RO F P A G

B~11in~ AFB DC ~~~~~~ 
- -

14. MONITORING AGEf~CY NAME & ADDRESS(if differen t f rom Controi l tng Of f i ce )  IS. SECURITY CLASS. r8~’
UNCLASSIFIED

IS.. DECLASSIF ICAT ION/ DOWN GRAO ING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

I?. DISTRIBUTION STATEMENT (of A. abstract entered in Block 20. if different from Repo rt)

IS. SUPPLEMENTARY NOTES _.~~~~~

j Proceedings of AlP Conference No. 29 (21s~ Auth Cori.f-Philadelphia )
Magnetism and Magnetic Materials.—1975 1 American Insti of PhYS i csf ~// S~~1/ ~

IS. KEY WORDS (Continue on reverse side if necessa ’y and tden i fy by block number)

20. ABSTRACT (Continue en rever es aide II necessary and Identify by block number)

j
~ 

C_) .

~~ Growth—induced anisotropies were nealure4/ by
(LI  f.r ~ea*gn*tic resonance techniques In LPE YI~/f  t ins

• ._J which contained appreciable concentrations inp i~~
Pb ions. Values of K~ as large as 2.7 x 0 rg/ m
were found . The growth— induced anisotr opy could e
rsaov.d by a~nsslii4.

C..3 /~ 
, :  .

4 3 ~~~~~~~~~~ 

., (‘ . .- ‘ /. 
•1~

DD 
~~~~~~ 

1473 EDITION OF I NOV 65 IS OBSOLETE UNC LASSIFIED
- . S6CU~~ITY CLASSIFICATION OF THIS PAGE ($~~en Data EfltCr.d)

‘~~~.— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.—
~

-- - -—S - - - --- —- - . - - . — —. .
~~~~~~

,.- -~~n~•-~-



AEO SR - IR— 7 7 —  ~35 ~

Reprinted from

AlP Conference Proceedings
No. 29

Magnetism and Mag netic Mat eria ls—’1975
- (21st Annual Conference—Philadelphia )

Edited by
J. J. Becker, G. H. Lander, i J. Rhyne

-~~ — - - --——

L~iAmeric an Institute of Physics

¶1



~~~~~~~~~~~
-‘-,,--- - -- --— -~~~~~-~-------~~-- —--- ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ —~~---~-

115

GROWTh— INDUCED ANI SOrROPY IN YTTRIUM IRON GARNET FILMS 
—GROWN BY LIQUID PHASE EPITAXY*

N, T. Elliott and H. L. Glass
Electronics Research Division , Rockwell International

Anaheim , California 92803

was used as the measure of Pb concentration; theABSTRACT increase being O.013L/wt I Pb8.
Domain patterns in the f ilms were observed usingGrowth—induced anisotropies were measured by a polarizing microscope. With thi s technique , stripeferromagnetic resonance techniques ~n LPE YIG ~~~ domains were visible by the differential Faradaywhich contained appreciable concentrations of impurity rotation wt,en the films exhibited an appreciable j

Pb ions. Values of K~ as large as 2 .7  x lO4er g/cm 3 
perpendicular component of magnetization . (However ,were found. The growth—induced anisotropy could be since the Faraday rotation decreases with increa8jng

removed by annealing. Pb concentration and changes sign at 6Sf O.02A
the absence of visible domains does not necessarilyINTRODUCTION imply that the perpendicular component is negligible.)
For small values of daf the misfit  stress in theGrowth—induced magnetic anisotropy is an ~•~~— films would be tensile and magneto.triction wouldportant and extensively studied property of flux— produce an easy axis in the (lii] direction of the

grown magnetic garnet crystals. It is an especially film normal10; stripe domains Would be visible . Forimportan t property in LPE (liquid phase epitaxy) f ij j ~~ under small compressive stress, Saf > 0.0071,garnet films which are used in magnetic bubble metsory the stress—induced anisotropy was in—plane10 anddevices. For such applications the growth—induced domains were not visible or were only faintly visible.contribution may be the major source of the uniaxial However, for large compressive stresses, Saf ~ 0.016 1,magnetic anisotropy tha t is required for the intense stripe domain patterns were observed.
existence of bubble domains. Quantitative measurements of the magneticBubble garnet compositions generally include Eu aniso tropy were made by ferromagnetic resonance onor Sm along with one or more smaller rare—earths (or small pieces cut from the samples. From the longi—
Y). In these materials the large growth—induced tudinal and transverse resonance fields at 9.1 G)iz
anisotropy has been accounted for by models which 

the cubic and uniaxial anisotropy fields were deter—
invoke a partial ordering of the different rare—earth mined11. Using the measured value of film/substrateions on dodecahedral c—sites along with magnetic misfit along with elasticity theory and the magneto—interactions between the Eu or Sm and neighboring Fe 

coefficient of Y1G10, the stress—inducedions’3 . Growth—induced anisotropy has also bean 
contribution to the uniaxial anisotropy field wasobserved in mixed garnets and substituted garnets 
caLculated and subtracted of f  to yield the growth—with no magnetic rare—earths present. In these 
induced contribution. The growth—induced anisotropygam ete the anisotropy has been attributed to ordered 
~~ wa, obtained from the correspondi ng anisotropydistortions of the crystal field which induce single 
‘ field (2Kg/H) using the magn~ tization H correspondingion anisotropy in Fe ions. The ordered distortions

could arise from ordering of  the rare—earth ions in to the &Cf value of the film . These values of
mixed garnet.4 or of subst ituent ions is substituted magnetization were confirmed , where possible , from
gsmnets5 the position of the bottom of the spin—wave band 12.

Growth—induced anisotropy has also been observe d The results are tabulated below:
in single ‘Pare—earth (or Y) iron gam ets. In these Film No. SafçL) K~ (erg/cm3)
material,, the anisotropy has been associated With

1 8.3 x l0~~ —0.58 x l0~the incorporation of Pb , as an impurity, from the 
~~~~~ 2 13.6 1.33based fluxes employed in LPE growth. For Eu—iron 

3 17.4 1.91garnet (Eu3FeSOU) the Pb—induced anisotropy is te— 
23.9 2.70ported to be similar to the growth—induced anisotropy

observed in mixed garnets containing Eu6. The same 
For film 1 is negative, indicating an in—planemodel , partial ordering of Eu on c—sitss and magnetic 
(non—uniaxiai) .nisotropy. For this film and for filminteractionS between Eu and Fe , has been invoked to

explain the ob.erv;tions. For Y—iron garnet (YIG) 2 , which has a positive (uniaxial) 1C~~, no stripe
domains were observed in the polarizing microscope.there ar e contradictions in the literature. Some To supplement the above results , ot her piedes ofinvestigators report appreciab le growth—induced 
the .ame films were annealed in oxygen for 8 hour. atanisotr opy When Pb is incorporated7, wb.tle other 1175 C to determine whether the growth—inducedinvestigators say the effect is very small6. In this snisot ropy would vanish as it does for mixed garne tpaper we present some results of our measurements of films , The annealing resulted in a small amount ofgrowth—induced ani.otropy in LPE TIC fil ms containing stres. relief in film 1 and drastic stress relief inPb. l~~ will show that the Pb— induced uniaxial the othe r f ilms. In fact , after annealing, fila. 2—4anisotropy can be as large as that in mixed garnet . were under tensile stress . From the shift in re.o—containin g Eu. nance field, brought about by annealing end taking
into account the changes in film str ess , the growth—EXP~~ IMENT AND RESULT S induced anisotropie. were redeterminedla . For film 1,
the values of K~ before and after annealing agreed toTIC film, a few ~m thick were grown on (ill) within 321 however, for th. other films the discrep an—oriented CGG (gadolinium gaUi~a garnet) substrates cie. ranged from 23—302.by the isotherma l dipp ing method of 12!. A PbO-8203

flux w*s used and film growth u.s carried Out while DISCUSSIONthe horizonta lly held substrate. were rotated around
a vertical axis. Melt compositions end growth con— The results clearly de~~nstra ted that 12! TICditions were similar to those described in our recent film. whith contai n Pb can exhibit a uniaxial growth-publicat ion on Pb incor poration in 12! TIC S. ~~~ inducmd magnetic anisot ropy which is comparable inincorporation of Pb was controll ed by selection of magnitude to that observed in ri~zsd iron garnet. ~~~~~the film growth temperature. The Pb concent ration in contain magnetic ra r e—ear the 1” . mis grovth— induc~~• the films was deter mined indirectly by X—ray ~~ — enisotrop y increases with incr easing Pb concentre tte n.fr action measurements of the film/substrate lattice Using the value for film latti c. expansion of 0.0131/$ misfit from which the f ilm lattice per imeter use wt ~ Pb 8 , K~ has a value of 1 x l0~ erg/cr 3 when thecalculated. Thu. increase of the fit , lattice pera me— Pb concentration is abou t 1 wt 2 or 0.04 at~~~ pertar (6af) relative to th, value 2.2.3761 for pure TIC
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formula unit. If the growth—induced anisotro py is R~~ERENCES
e~~ociats d with ordering of Pb ions on dod.cahedra l
c—sites , the relative ly low concentration of Pb would *Supported by the Air Force Off ice of Sci.nti,ftc
imply a high degr ee of site selectivity compared to Research (APSC ) under Contract F44620—75—C—0045.
rare- eart hs such as Eu. This is not necessarily un—
easonable, since Pb is a muc h larger ion than any 1. A. Rossncws.ig and V. J. Tabor , LIP Conf . Proc. ~~~,

rare— earth and since ionic radius mismatch (between 5 7—70 (1972).
Pb and Y ip th is case) spp.ara to 4.tsr mine sits 2. K. Callen , Appi. Pity.. Lstt . j~ , 311—313 (1971) .
refere ncs 3. 3. M . D. Sturge , B. C. 1.aCraw, B. D. Pierce ,

Although tht growth induced anisotropy correlates S. J . Lithi end L. P.. Shick , Phys. Rev. 1 1. 1070—

~itb Pb concentration , other factors may also be in— 3.1)78 (1973).
br .d. For example, the incorporation of Pb is 4. K. CaUse, 2. AgpL . Thy .. 45 , 2348—2350 (1974).

:companied by the appearance of T on octahedral, a— 5. A.. Lkael ra d and K. Caliso, AppI. Pity. . Lett. ~~~~~,

te. which would normally be occupied only by p~8,14. 464—466 (1971).
iac. I ions are much larger than Fe , ordering of y 6. T. S. Plaakstt , E. Klokhols, U. C. Cronamey.r,

on a—.itss could produce large lattice distort ions P. C. Yin and S. E. Blur, Appi. Phys. Lstt. ~~~ ,,

~.nd single—ion anisotropiss. Ordering of I on a—sites 357—3~~ (2.974).
,uld be linked to ordering of Pb en c—sites . 7. 1. .7. A. Popma , A. 14. von Diepen and

hit, incorporation of Pb also rsqu irss some cbar~~ 
2. 14. Robertson, Mat. Res. Bull. 9. 699-704 (1974) .

compensation mechanism, since the Pb tons are divalent 8. H. L. Glass and K. I. Elliott , J. ’Cry.tal Growth
i ubstitusnts f o r  trivalent I. Ferroma gnetic resonance IL. 253—260 (1974).
ces.urements have shown that f or da 0.0071 the room ~~ K. Shinagava , H. Takeuchi end S. Taniguchi , Japan
temperature lin.width is a , j S  This ~~~~~~~ 2. Appi. Pity.. 12, 466 (1973),
0.15 Oe at 9.5 GUz , corresponds to the intrinsic 10. P. 2. lesser , 2. E. Mae, P . B. Elkins and
Unsuidth of pure , perfect TIC. (For film 1, having U. K. Heinz , Met. Re.. Bull. 

~~
, 1111—1123 (1971).

— 0.00831, the linewtdth at 9.1 GHz was 0.14 Os.) ~1, K. F. Elliott , Mat. Rae. BUll. !.~ 
1143-1.150 (1974).

For larger Saf, the linewidth increases due to charge 12. 3. P.. Tittman , LIP Couf. Proc. 5, 1128-1132 (1972).
compensation effects, Th.. dominant charge compen— 13. E. 14. Gyorgy , K. U . Stu rge , L. C. Van Uttert ,
eat ion mechap4sm appear. to be the creation of tet ra — E. 2. Ileilner and V. H. Grodkiewicz, J. Appl. Pity..

~‘a1ent Fe15’ . Anot he r possible mechanism is the ~ ±.. 438-443 (1973) .
oresence of oxygen vacancies. The ordering of oxygen 14. 3. K. Robert son, 14. 3. C. van Rout , 2. C. Verplanla
ecencies , or other defects , has bean suggested as a end J. C. Brice , Mat. ftss. Bull . 2.. 555—568 (1974).

source of growth induced anisotropy~’ . Since the 13. K. L. Glass and 14. F . Elliott , J. Crystal Gr owth ,
charge compensating defects (tetravalent Fe or oxygen to be published.
vacancies) are associated with Pb ions end since ,~ on 16. 14. F. Elliott , this conference .
a—sites may also be associated with Pb , the snisotropy 17. V. T• St acy *nd C. J. K. Rooymans , Solid State
could be due to ordering of some rather complex Comaun ications 2, 2005—2008 (1971) .
clusters. Whate ver the ordered entity , the absence
of magnetic species other than Fe favors those mode ls
which are based upon single—ion anisocrop y induced by
ordered distortions of the crystal field .
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